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Summary
Background: Memory asymmetry scores are used in intracarotid amobarbital proce-
dure (IAP) to predict memory outcome after anterior temporal lobectomy (ATL) in
patients with temporal lobe epilepsy (TLE). Reversed asymmetry (RA) of memory
scores occurs in a minority of patients, with better memory performance observed
following contralateral injection. Left ATL patients with RA are reported to have
poorer postoperative verbal memory outcome. Studies also suggest that dysphasia
during language dominant left hemisphere injection may contribute to lower right-
sided memory scores seen in RA.
Purpose: To examine the role of dysphasia in RA and investigate the relationship
between RA scores and memory outcome after ATL.
Method: IAP asymmetry scores and duration of speech arrest following bilateral IAP
injection were examined in 50 patients with unilateral left TLE. Postoperative
memory outcome was examined in a subset of patients (n = 31).
Results: Thirty-nine percent of patients had RA on IAP. The duration of speech arrest
after left injection was significantly longer in the RA group compared to the expected
asymmetry (EA) group. RA was not associated with negative postoperative memory
outcome.
Conclusions: In left TLE patients, RA of IAP memory scores does not preclude good
postoperative memory outcome. Prolonged speech arrest after left injection may
lower right side memory scores contributing to misleading RA. Memory asymmetry* Corresponding author at: Flat No. 8, LOTUS, R.B. Mehta Road, Ghatkopar (East), Mumbai 400077, India. Tel.: +91 22 25164069.
E-mail address: jayanti.mani@gmail.com (J. Mani).
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patterns are sensitive to IAP protocol effects; therefore, RA may not be a robust
predictor of memory outcome following left ATL.
# 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
Memory loss is one of the major concerns associated
with temporal lobe epilepsy (TLE) surgery1,2 espe-
cially after dominant anterior temporal lobectomy
(ATL). Accurate prediction of memory loss prior to
ATL has been a challenge for both epileptologists and
neuropsychologists. At times, Wada testing, or the
intracarotid amobarbital procedure (IAP), is used to
help predict cognitive outcome after epilepsy sur-
gery. During the IAP, a short acting anesthetic is
injected into the internal carotid artery of each
cerebral hemisphere separately. The procedure pro-
vides an opportunity to estimate the functional capa-
city of each hemisphere independently and can,
therefore, provide an indication of the capacity of
the contralateral temporal lobe to independently
support memory function following ATL. Memory
scores following amobarbital injection both ipsilat-
eral and contralateral to the seizure focus have been
used to predict postoperative memory outcome.3—6
Some authors have argued that the asymmetry
between the two IAPmemory scoresprovidesabetter
indication of postoperative memory outcome com-
pared to IAP memory scores following ipsilateral or
contralateral injection alone.7—9
In patients with unilateral TLE, the IAP memory
scores following contralateral injection (assessing
memory function of the epileptogenic temporal
lobe) would be expected to be lower than those
following ipsilateral injection (assessing the func-
tional capacity of the contralateral temporal lobe).
However, a proportion of patients are noted to have
a reversed pattern of memory asymmetry (RA) on
IAP (i.e., poorer memory performance following
injection of anesthetic in the hemisphere ipsilateral
to the epileptogenic temporal lobe as compared to
the contralateral side).7,9—11 One may expect that
patients with a reversed pattern of IAP memory
asymmetry scores would be at greater risk for mem-
ory loss after resection of the epileptogenic tem-
poral lobe, given that the presumably ‘‘more
functional’’ lobe is to be resected. Evidence from
early studies on adults with TLE supported this
hypothesis.7,8,12 But the number of patients in these
studies were too small to draw conclusions.
More recent studies involve larger patient groups
but these present conflicting evidence. In two large
series of adults undergoing temporal lobectomy, the
pattern of IAP memory asymmetry did not influencepostoperative memory outcome after left temporal
resection.11,13 On the other hand, another large
series that evaluated children undergoing epilepsy
surgery demonstrated a relationship between IAP
memory asymmetry patterns and postoperative
memory outcomes, such that children with
expected asymmetry (EA) of IAP memory scores
showed improvement in their verbal memory scores
after epilepsy surgery, but children without
expected IAP memory asymmetry had a decline in
the postoperative verbal memory test scores.14
Several studies have reported relatively lower IAP
memory scores after dominant hemisphere injec-
tions than after non-dominant injections.12,15,16 The
major physiological difference between dominant
and non-dominant hemisphere IAP injections is lan-
guage dysfunction. Therefore, it has been suggested
that dysphasia following dominant hemisphere
injection may influence IAP memory performance.
The first goal of the current study was to evaluate
the possible role of speech arrest on IAP memory
scores. The second goal of the study was to examine
neuropsychological memory outcome following left
anterior temporal lobectomy and its relationship to
presurgical IAP memory asymmetry scores. It was
hoped that a better understanding of these issues
would help clarify whether IAP memory results
should continue to be relied upon for surgical deci-
sion making.Method
Participants
The data for this retrospective, institutional review
board approved study were collected from the med-
ical records of patients who underwent left anterior
temporal lobectomies for the treatment of intract-
able epilepsy at our center between 1995 and 2000.
This particular period of time was selected because
bilateral IAP was conducted presurgically on all left
TLE patients during these years and a uniform anes-
thetic medication was used (i.e., amobarbital).
Further, a single neurosurgeon performed all the
epilepsy surgeries during this period of time.
Patients were included in the study if they met
the following criteria: (1) aged 16 years or older at
the time of surgery, (2) diagnosed with unilateral
left TLE as determined by video EEG, (3) underwent
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right-handed with demonstrated left language dom-
inance as determined by the IAP,17 (5) had no prior
neurosurgical intervention and (6) demonstrated an
IAP memory asymmetry score greater than or less
than zero (i.e., demonstrated a difference in mem-
ory scores following left versus right injection).
A total of 50 patients (27 women and 23 men) met
inclusion criteria for the study. Patients ranged in
age from 16 to 65 (M = 33.56, S.D. = 12.44). Mean
age at seizure onset was 14.03 years (S.D. = 10.06)
and mean duration of epilepsy was 19.53 years
(S.D. = 12.39).
IAP protocol
As noted above, all patients in this study under-
went bilateral IAP. Percutaneous transfemoral
catheterization of the internal carotid artery
was performed under local anesthesia. A dose of
125 mg of amobarbital was injected serially into
each internal carotid artery. By convention, the
epileptogenic side was injected first. Times to the
first nonverbal and to the first verbal response
following each injection were recorded. Language
dominance was established using the criteria
established by Benbadis et al.17 The time interval
between the two hemispheric injections was at
least 30 min. A maximum of 16 memory items were
presented during the period of hemiparesis follow-
ing each injection. The memory items included
four items from each of four separate categories:
pictures, designs, object words, and abstract
words. Presentation was initiated after the first
correct nonverbal response from the patient. The
patient was asked to name and remember each
stimulus item. Recall of the memory test items was
assessed an average of 15 min following injection.
Clinical examination was conducted and the EEG
evaluated to ensure that the patient had returned
to baseline functioning prior to the delayed recall
memory assessment. First, an unscored free recall
was elicited. A recognition paradigm was then
administered that contained the target item as
well as three stimulus foils. Each correct response
on the recognition trial was given a score of 1.
Incorrect responses were not scored and no correc-
tions were made for false positive errors. Memory
scores following each injection were expressed as a
ratio of correct items to total items administered
during the period of hemiparesis following each
injection. The total score, as well as the subcate-
gory scores, was recorded. The maximum possible
score for each side was 16. Baseline memory per-
formance was documented prior to the IAP using
the same procedure.Memory asymmetry scores
The memory score following injection of the left
(dominant) hemisphere was defined as the right-
sided memory score (RMS) reflecting the functional
integrity of the right hemisphere memory structures
and the score following injection of the right (non-
dominant) hemisphere was defined as the left-sided
memory score (LMS) reflecting the functional integ-
rity of the left hemisphere memory structures. A
memory asymmetry score was calculated for each
patient by subtracting the LMS from the RMS.
Patients were classified as having an expected asym-
metry when RMS minus LMS was greater than zero,
indicating greater reliance on the right hemisphere
memory structures. Conversely, they were classified
as having reversed asymmetry (RA) when RMS minus
LMS was less than zero suggesting greater reliance
on the left hemisphere memory structures. Patients
with difference scores equal to zero were excluded
from the study (n = 7). Based on these criteria, a
total of 32 participants demonstrated expected
memory asymmetry and 18 participants demon-
strated reversed memory asymmetry. Demographic
and seizure information for the EA and RA groups are
provided in Table 1.
Neuropsychological assessment protocol
All patients under consideration for epilepsy surgery
at our center undergo a comprehensive neuropsy-
chological evaluation prior to surgery. Most patients
also complete a postoperative neuropsychological
evaluation approximately 6 months following sur-
gery. A subset of the patients in this study (n = 31)
had both pre- and post-surgical neuropsychological
memory data available for analysis. Scores on the
Immediate Auditory, Delayed Auditory, Immediate
Visual, Delayed Visual, and General Memory Indices
from the Wechsler Memory Scale, Third Edition
(WMS-III)18 were examined. A summary of the mem-
ory test scores for the two asymmetry groups is
provided in Table 2.
Magnetic resonance images of the temporal lobes
(FLAIR and 3DSPGR coronal sequences) were visually
analyzed for the presence of hippocampal abnorm-
alities, by radiologists who were blinded to clinical
information. These findings were coded as present
or absent for each temporal lobe.Results
TheEAandRAgroupswerefirst comparedonall of the
demographic and seizure variables using t-tests and
x2 analyses to ensure that there were no pre-existing
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Table 1 Patient demographic and seizure variables
Variable Expected asymmetry
(n = 32) M (S.D.)
Reversed asymmetry
(n = 18) M (S.D.)
t(d.f.) x2(1) p
Age at surgery 33.91 (13.19) 32.94 (11.33) .26 (48) — .80
Education 12.52 (2.20) 14.00 (3.02) 1.55 (29) — .13
Age of seizure onset 13.65 (10.55) 14.72 (9.38) .36 (48) — .72
Duration of seizures 20.26 (12.27) 18.22 (12.86) .55 (48) — .58
Sex Male = 18 (56%) Male = 5 (28%)
Female = 14 (44%) Female = 13 (72%) — 3.76 .05
Race Caucasian = 20 (95%) Caucasian = 9 (90%)
African American = 1 (5%) African American = 1 (10%) — .31 .58
Hippocampal abnormalities Yes = 27 (84%) Yes = 13 (72%) — 1.06 .30
No = 5 (16%) No = 5 (28%)
Bilateral MRI abnormalities Yes = 3 (9%) Yes = 1 (6%) — .228 .63
No = 29 (91%) No = 17 (94%)
Note: Race and education data were not available on all patients, therefore data above is presented only on patients for whom data
was available.differences between the two groups that might con-
found the results. There were no significant differ-
ences between the two groups in age at time of
surgery, education, age at seizure onset, duration
of epilepsy, race, hippocampal abnormalities, or
bilateral MRI abnormalities (see Table 1). However,
there was a trend toward significance with regard to
sex, with a somewhat larger proportion of females
than males in the reversed asymmetry group,
x2(2) = 3.760, p = .053.
The right-sided memory scores were significantly
lower in the patients with reversed asymmetry of
memory compared to those with expected asymme-
try. This difference was noted across all subcate-
gories of memory items, but was greater for verbally
or dually encoded items (words and object pictures)
rather than purely visual category items (designs)
(see Table 3).Table 2 Pre- and post-surgical memory performance on th
Variable Expected asymmetry
(n = 21) M (S.D.)
Presurgery
Auditory Immediate 87.29 (14.43)
Auditory Delayed 83.14 (15.11)
Visual Immediate 84.71 (13.69)
Visual Delayed 88.19 (16.48)
General Memory 83.48 (14.85)
Post-surgery
Auditory Immediate 83.05 (12.39)
Auditory Delayed 82.76 (12.73)
Visual Immediate 87.67 (13.48)
Visual Delayed 87.71 (17.00)
General Memory 82.33 (13.56)A t-test was conducted to determine if the EA
and RA groups differed in length of speech arrest
following left hemispheric injection. Results
revealed that patients with reversed asymmetry
(M = 166.53 s, S.D. = 61.71) demonstrated signifi-
cantly longer speech arrest following left hemi-
spheric injection than patients with expected
asymmetry [(M = 119.59 s, S.D. = 74.87), t(47) =
2.213, p < .05]. A scatterplot depicting right-sided
memory scores and duration of speech arrest fol-
lowing left-sided injection was generated to exam-
ine the relationships between these two variables
(Fig. 1). The data from one clear outlier (speech
arrest duration >8 min) were excluded from the
analysis. There was a significant negative correla-
tion between duration of speech arrest following
left hemisphere injection and right-sided memory
scores, Pearson r = .380, p < .01. The resultinge WMS-III
Reversed asymmetry
(n = 10) M (S.D.)
F(1, 29) p
87.90 (19.87) .01 .92
84.80 (18.11) .07 .79
82.80 (18.46) .11 .75
89.30 (16.58) .03 .86
85.60 (19.21) .12 .74
84.00 (16.62) .03 .86
83.90 (20.66) .04 .85
97.90 (17.48) 3.22 .08
94.60 (18.01) 1.07 .31
87.90 (20.80) .80 .38
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Table 3 Mean category specific right hemisphere IAP memory scores in the RA and EA groups
Category Right-sided memory score Mean (S.D.) p-Value (t-test)
Reversed asymmetry group Expected asymmetry group
Abstract words .47 (.21) .63 (.26) .02
Object words .49 (.26) .69 (.27) .04
Pictures .76 (.25) .96 (.11) .00
Designs .48 (.18) .57 (.23) .66
Right-sidedmemory scores (obtained with Left hemisphere injection) are shown as groupmeans of the subcategory scores, expressed
as a proportion of correct responses in each subcategory (maximum four items per patient per subcategory).scatterplot depicting this relationship is provided
in the figure.
Finally, the EA and RA groups were compared on
the memory indices of the WMS-III to determine
whether group differences exist in postoperative
memory outcome. Analysis of variance (ANOVA)
revealed no statistically significant differences
between the EA and RA groups on any of the memory
measures, before or after surgery (see Table 2). In
order to determine whether change in memory
score following left temporal lobectomy was related
to IAP memory asymmetry score at the individual
patient level, Reliable Change Indices (RCIs–—90%
confidence interval) were used to determine mean-
ingful changes in memory scores.19 Patients were
categorized into those who showed reliably mean-
ingful declines, no change, or improvements on the
neuropsychological memory measures following sur-
gery. There were no significant differences in mem-
ory change between the RA and EA groups on any of
the WMS-III memory indices (see Table 4).Discussion
The duration of speech arrest during the IAP was
significantly longer in patients with RA memory
scores than those in the EA group. Furthermore,Figure 1 Scatterplot depicting the relationship
between speech arrest duration and right-sided memory
score (memory score following left hemisphere injection).the data revealed a significant negative relationship
between the duration of speech arrest and the right-
sided memory scores on IAP. In our cohort, patients
with left TLE with RA memory scores on IAP did not
demonstrate poorer preoperative memory perfor-
mance or postoperative memory outcome on any of
the WMS-III memory indices compared to patients
with an EA. Thus, the two groups were equivalent in
their memory capacity both prior to and following
anterior temporal lobectomy.
RA and postoperative memory outcome
If IAP memory scores are a valid representation of
temporal lobememory function, then patients with
unilateral left TLE who demonstrate RA should have
a poorer verbalmemory outcome after left ATL than
those who demonstrated memory asymmetry in the
expected direction. Two early studies that exam-
ined memory asymmetry patterns and postopera-
tive memory outcomes in small cohorts of patients
with TLE demonstrated poorermemory outcomes in
left TLE patients with RA patterns on IAP memory
testing.7,9
The incidence of reversed asymmetry in our study
group compares with the reports in more recent and
larger surgical series that included adults11 and
children14 with left TLE. Kirsch et al.11 evaluated
only adult patients with TLE and did not find a
difference in neuropsychological outcome between
patients with reversed and expected IAP memory
asymmetry patterns as in our study. It is likely that
the low number of patients in the final analysis in our
study do not lend enough statistical power to com-
ment on outcome differences. Lee et al.14 evaluated
a variety of pediatric surgical epilepsy patients and
reported a nonsignificant trend toward poorer post-
operative memory scores in left hemisphere epi-
lepsy patients who did not demonstrate the
expected memory asymmetry. However, there was
a greater representation of extratemporal resec-
tions in the reversed asymmetry group in their study,
which may have contributed to this finding. Both
studies reported a disproportionate representation
of left compared to right TLE in patients who
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Table 4 Reliably meaningful change in memory scores following temporal lobectomy as determined by Reliable
Change Indices19
Variable IAP memory asymmetry Decline Improve No change x 2 p
Auditory Immediate Expected asymmetry 5 1 15
Reversed asymmetry 1 1 8 1.02 .60
Auditory Delayed Expected asymmetry 1 1 19
Reversed asymmetry 1 3 6 4.41 .11
Visual Immediate Expected asymmetry 2 1 18
Reversed asymmetry 0 2 8 2.60 .27
Visual Delayed Expected asymmetry 4 1 16
Reversed asymmetry 0 0 10 2.84 .24
General Memory Expected asymmetry 1 0 20
Reversed asymmetry 1 0 9 .31 .60
Data presented for RCIs calculated using the 90th percentile.demonstrated reversed memory asymmetry scores
during IAP.
Understanding reversed memory
asymmetry
The presence and severity of hippocampal atrophy
on MRI has usually been correlated with the degree
of memory asymmetry on IAP testing and is a known
predictor of memory outcome following ATL.10,20
Various groups have postulated that the extent of
hippocampal atrophy may contribute to the unex-
pected memory outcomes following ATL in patients
with reversed asymmetry. Sabsevitz et al.7 attrib-
uted poorer memory outcome in their RA group with
left TLE to less severe left hippocampal pathology.
They argued that resection of a relatively functional
hippocampus was what contributed to poorer post-
operative memory outcome. This contention was
supported by their observation that the RA group
in their study demonstrated better preoperative
verbal memory performance than the EA group.
Although we did not specifically code the extent
of hippocampal atrophy, we did not find significant
differences in the presence of left MTS between the
EA and RA groups based on MR imaging and post-
operative histopathology. This is consistent with the
fact that there were no significant differences
between our RA and EA groups on preoperative
memory testing. These observations suggest that
the presence of RA in our patients is not confounded
by the relatively more intact left hippocampal sys-
tem (as assessed via neuroimaging and memory
testing) in our RA group.
Alternatively, the lower right hemisphere mem-
ory scores in patients with RA has been attributed to
the failure of reorganization and transfer of memory
function to the right hemisphere in patients with
left TLE.7 This hypothesis would imply that patientswith RA will have a poorer postoperative memory
outcome due to relatively reduced right hemisphere
memory function. However, our data revealed no
significant differences between the RA and EA
groups in memory outcome following left ATL,
thereby suggesting that the lower right-sided mem-
ory scores in the RA group may not reflect true right
hemisphere memory dysfunction.
Role of speech arrest in memory
asymmetry
The literature suggests that the brief period of
transient language impairment and confusion fol-
lowing the dominant hemisphere injection in IAP
may impact memory performance. Previous authors
have commented on lower memory scores following
dominant compared to non-dominant hemisphere
amobarbital injection9,12,15,16,21 and have suggested
that language disruption may contribute to the dis-
proportionate unexpected asymmetry exhibited by
some patients following dominant hemisphere amo-
barbital injection.11,21 Some researchers have
attempted to compensate for the presumed lan-
guage handicap by adding an extra point to the
memory score on dominant hemisphere injection
to obtain better accuracy of memory asymmetry
scores.15,16,22
To understand if the RA in our patients with left
TLE is related to the language handicap, we exam-
ined the relationship between duration of speech
arrest and memory scores following left hemisphere
injection. Duration of speech arrest was used as an
indicator of language dysfunction, consistent with
previous reports.17,22 The validity of speech arrest
duration as the sole measure of language laterality
during the IAP has been debated.23 Speech arrest
during IAP could be attributed to arousal, language,
or motor speech defects. In our study, we assessed
Wada memory asymmetry in temporal lobe epilepsy 697time to first nonverbal response as a measure of
level of alertness, and this was not found to differ
significantly between the EA and RA groups. An
earlier study also did not find significant arousal
problems following ipsilateral or contralateral amo-
barbital injection in patients with left TLE when the
epileptogenic side was injected first, as was done in
our study.24
Patients with RA on IAP memory testing demon-
strated significantly longer duration of speech arrest
following left hemisphere injection. There was also
a negative correlation between the duration of
speech arrest and right-sided memory score. This
suggests that prolonged speech arrest after domi-
nant hemisphere injection is associated with unex-
pectedly low right (non-dominant) hemisphere IAP
memory scores and thereby can potentially contri-
bute to reversed memory asymmetry scores. In our
IAP protocol, discrete verbal, visual and dually
encoded memory items are presented in the early
phase of hemispheric anesthesia and recall is tested
after the amobarbital anesthetization has cleared.
During the memory presentation the examiner verb-
ally names or describes each item as it is presented.
Frequently, injection of the language dominant
hemisphere results in speech arrest that persists
during presentation of the memory items. A pro-
longed speech arrest (presumably reflecting a pro-
longed dysphasia) may limit the patient’s ability to
use language to assist with encoding memory stimuli
thereby resulting in artificially reduced right hemi-
sphere memory scores. This artificial reduction of
right hemisphere memory scores is likely to be
enhanced when the test protocol includes a lot of
verbally encoded stimuli.
Protocol effects
It appears that some of the discrepancies evident in
the research literature to date regarding memory
asymmetry scores and postoperative memory out-
come may reflect significant differences in content
of memory stimuli among the various IAP protocols.
A recent fMRI study showed differential activation
of left and right hemispheres based on the verbaliz-
ability of encoded memory stimuli.25 The lack of a
correlation between memory asymmetry IAP scores
and postoperative memory outcome might reflect
the extent to which verbal items were used to assess
memory during the IAP.11 Studies that demonstrate
significant relationships between memory asymme-
try scores and postoperative memory outcome in IAP
protocols have used real objects to assess mem-
ory.7,9 The possible influence of the type of stimuli
during the IAP on the test scores has been alluded to
by previous authors.11,12,26 A recent multicenterstudy that compared the efficacy of two different
IAP methods in children with epilepsy demonstrated
a clearly superior effect of the use of real objects
over verbal stimuli in predicting seizure laterality in
the left hemisphere.27 In another recent study that
compared the results of IAP using purely verbal
versus dually encodable stimuli in 89 adults with
refractory mesial TLE, the verbal scores were
always better after right hemisphere injection irre-
spective of the side of the lesion, whereas the dually
encodable items were recognized better after ipsi-
lateral injection.28 The authors suggested that elim-
inating the verbal response during memory encoding
in the IAP may reduce the potentially confounding
effects of dysphasia. These observations suggest
that IAP memory protocols that rely heavily on
verbal memory items may result in invalid memory
scores that do not accurately predict postoperative
memory outcome.
This criticism might apply to the current study as
well sincemany of thememory items can be verbally
encoded. It is also likely that the negative effect of
speech duration on right-sided memory scores that
we demonstrate in this study was because of sig-
nificant number of verbal or dually encodable items
in the protocol. In our study the patients with RA
showed lower right-sided memory scores compared
to the EA group. The difference was significant for
the verbal or dually encodable memory items but
not for the purely visually encoded items (see
Table 3).
Declines in verbal memory have been reported
following dominant, left, ATL. The data are not
clear cut regarding the value of RA memory scores
on IAP memory testing in predicting postoperative
memory outcome in patients with left TLE. In our
study, reversed asymmetry of IAP memory scores
was not associated with a poorer postoperative
outcome compared to patients who demonstrated
the EA on IAP memory testing, consistent with those
reported by Kirsch et al.11 The significant relation-
ships between speech arrest duration, right-sided
memory scores and reversed asymmetry patterns
suggest that language dysfunctionmay contribute to
memory asymmetry scores. Our results also suggest
that verbalizability of test items used in the IAP
protocol may influence IAP memory asymmetry pat-
terns. This is particularly relevant because the IAP
protocols reported in studies from other centers also
comprise of a mix of verbal and nonverbal memory
stimuli.5,8,11,14,23,24 Future studies should further
explore the relationship between IAP memory asym-
metry scores and memory outcome following ATL
while comparing real objects versus mixed item IAP
memory stimuli, with and without verbal responses,
in a larger series of patients.
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